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Deficits in social communication are one of the behavioral signatures of autism spectrum disorder (ASD). Because faces are 
arguably the most important social stimuli that we encounter in everyday life, investigating the ability of individuals with ASD 
to process faces is thought to be important for understanding the nature of ASD. However, although a considerable body of 
evidence suggests that ASD individuals show specific impairments in face processing, a significant number of studies argue 
otherwise. Through a literature review, we found that this controversy is largely attributable to the different face tests used 
across different studies. Therefore, a more reliable and valid face test is needed. To this end, we performed a meta-analysis on 
data gleaned from a variety of face tests conducted on individuals with developmental prosopagnosia (DP) who suffer a selec-
tive deficit in face processing. Based on this meta-analysis, we selected an old/new face recognition test that relies on face 
memory as a standard diagnostic test for measuring specific face processing deficits. This test not only reliably reflects DP in-
dividuals’ subjective experiences with faces in their daily lives, but also effectively differentiates deficits in face processing 
from deficits caused by other general problems. In addition, DP individuals’ performance in this test predicts their performance 
in a variety of face tests that examine specific components of face processing (e.g., holistic processing of faces). Finally, this 
test can be easily administrated and is not overly sensitive to prior knowledge. In summary, this test can be used to evaluate 
face-processing ability, and it helped to resolve the controversy whether individuals with ASD exhibit face-processing deficits. 
autism spectrum disorder, developmental prosopagnosia, face recognition, face discrimination, old/new face recognition 
test 
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ASD is a spectrum of neurodevelopmental disorders char-
acterized by impairments in social interactions, communica-
tion deficits, restricted interests, and repetitive behaviors 
(ICD-10, World Health Organization, 1992). Deficits in 
social reciprocity are a major behavioral signature of ASD, 
as individuals with this disorder are impaired both in pro-
cessing social information [1] and in establishing social 
relationships [2]. Because faces provide rich social infor-
mation, such as one’s identity, mood (through expression), 
social interests (through direction of eye gaze), age, and 
gender, the ability to process faces is necessary for social 
interactions and communication. In fact, individuals with 
better social skills are also better at recognizing faces [3,4], 
whereas deficits in processing faces may cause fear and 
avoidance of social situations [5]. Therefore, investigating 
the ability to process faces in ASD individuals may provide 
a specific window to understanding the mechanisms under-
lying their impairments in social activities.  
A classic model on face processing proposed by Bruce 
and Young [6] involves multiple cognitive components that 
are hierarchically organized. A revised model based on re-
cent neuroimaging findings [7] suggests that faces are pro-
 Wang RS, et al.   Sci China Life Sci   October (2015) Vol.58 No.10 1025 
cessed by a distributed neural network containing a core 
system for extracting facial identity information and ex-
tended systems for processing facial expressions, the direc-
tion of eye gazes, and speech-related mouth movements. In 
this model, the core system is the most important node in 
the network because it provides identity information and 
sends necessary information for later analyses conducted in 
the extended systems. In this study, we therefore focused on 
how facial identity information is extracted and represented.  
There is a considerable body of evidence that ASD indi-
viduals have difficulties in processing facial identity. Some 
of them even have symptoms that are similar to individuals 
with developmental prosopagnosia (a.k.a., face blindness) 
(DP), which is a lifelong impairment in face processing 
without any brain damage or deficits in sensory or intellec-
tual functions (for reviews see [8,9]). For example, an autis-
tic woman called T.G. reported having experiences with 
faces that were very similar to those reported by individuals 
with DP. An example of one of her reports is “I often get 
into embarrassing situations because I do not remember 
faces unless I have seen the people many times or they have 
a very distinct facial feature such as a big beard, thick 
glasses, or a strange hairstyle” [10]. In fact, ASD individu-
als are sometimes diagnosed as having DP [11]. Consistent 
with these subjective experiences, careful examination has 
further revealed that ASD individuals show a variety of 
abnormal behaviors in processing faces (for reviews see 
[12,13]), such as peculiar scanning paths while viewing 
faces [14,15], and paying little attention to faces from a very 
young age [16,17]. Moreover, there is an increasing body of 
neurological evidence that suggests that the brains of ASD 
individuals are inclined to use the object-processing system, 
rather than the specialized face system, to process faces 
[18,19].  
However, other researchers failed to observe face-   
specific deficits in ASD individuals. For example, Deruelle 
et al. [20] reported that the performance of autistic children 
in matching faces is not different from that of the control 
group (see also [2124]). Those researchers who did ob-
serve deficits in face processing showed that the deficit is 
not face-specific but extends to processing of non-face ob-
jects [25,26]. In short, whether ASD individuals suffer 
face-specific deficits is still hotly debated.  
To resolve the controversy, we proposed a new approach 
that is a reliable and valid test of face processing that can be 
used to quantify deficits in face processing quickly and effi-
ciently in individuals with ASD. To this end, we first re-
viewed studies on face processing in the ASD literature, and 
then suggested that the differential findings of face-    
processing deficits across studies are attributable to differ-
ences in the type of face paradigms adopted across those 
studies. Therefore, a reliable and valid face test is needed. 
Second, we selected such a test through a meta-analysis on 
findings in individuals who exhibit lifelong deficits in 
face-specific processing. The criteria reliability, validity, 
predictability, and ease-of-use were used to evaluate a vari-
ety of face tests. Accordingly, this study consists of a re-
view that describes the need to select a standard test of face 
processing in ASD and a proposed test that was designed by 
examining a variety of face tests through a meta-analysis.  
1  Review of studies on face processing in ASD 
To extract identity information from a face, one must per-
ceptually examine the visual properties of the face (i.e., 
structural encoding), and then compare the extracted infor-
mation to a stored template in memory. Therefore, face tests 
can in principle be classified into two paradigm categories 
based on the involvement of face memory. If a test is main-
ly based on information available in the structural encoding 
stage, it is classified as a discrimination test. A typical dis-
crimination test requires participants to discriminate simul-
taneously presented faces based on differences in their 
stimulus properties. In contrast, if a test requires making 
comparisons between face images that are currently being 
observed and face images stored in memory, it is a recogni-
tion paradigm. A typical recognition test requires partici-
pants to judge whether faces have been seen before (i.e., 
familiar or famous). Outside of these two types of para-
digms, a small number of studies have focused on specific 
components of face processing, such as holistic face pro-
cessing, which includes the face inversion effect or the 
whole part effect [21,2729]. We did not review these stud-
ies because the total number of the studies is too small for a 
meta-analysis. Instead, in the present report, we reviewed 
studies on face processing in the ASD literature based on 
the type of face tests used. 
Studies using face recognition tests unvaryingly demon-
strate that ASD individuals are selectively impaired in rec-
ognizing faces, with their ability to recognize non-face ob-
jects largely intact. De Gelder et al. [30] asked autistic chil-
dren to remember a set of novel faces presented during a 
learning phase. In the testing phase, the autistic children 
were significantly worse in judging whether they had seen 
the faces before than matched normal controls. In contrast, 
their ability to recognize buildings [31], ordinary objects 
[32], words [33], animals (e.g., cats and horse) and plants 
(e.g., leaves) [34] was normal or even better than normal. 
Similarly, ASD participants had difficulties recognizing 
people whom they had encountered repeatedly in everyday 
life, such as their schoolteachers [35], family members and 
friends [36], and famous people [37]. In contrast, their abil-
ity to recognize familiar objects was largely preserved [36]. 
The only one that failed to find these face-specific deficits 
with face recognition tests [38] adopted a forced-choice 
response method, which is known to improve behavioral 
performance significantly [29]. Accordingly, studies using 
face recognition tests have overwhelmingly shown that 
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ASD individuals are specifically impaired in processing 
faces.  
In contrast, the findings from studies using face discrim-
ination tests are mixed. On the one hand, several studies 
report that autistic children were significantly worse at dif-
ferentiating a singleton face from exemplar faces from an-
other individual [27,39,40]. On the other hand, some studies 
failed to find impairments in ASD participants when two or 
more faces were presented simultaneously [2022,41] or 
sequentially [23,24]. Still other studies argue that these im-
pairments, if observed, are not face-specific, because the 
same degree of impairment was also found in processing 
non-face objects [25,26].  
The percentages of studies finding normal or abnormal 
face processing in individuals with ASD separated by 
whether the studies used recognition tests or discrimination 
tests are shown in Figure 1. Seven out of nine studies using 
recognition tests clearly showed face-specific deficits 
[3036], and one study found that 2/3 of ASD participants 
showed these deficits [37]. Only one study did not find 
these deficits [38]. However, this level of consistency was 
not observed among the twelve studies using discrimination 
tests. Only five studies reported face-specific deficits 
[2527,39,40], whereas the remaining studies did not 
[2024,32,41]. In addition, among the five studies that did 
find these deficits, two studies argued that the deficits are 
not face-specific [25,26]. Direct evidence that experimental 
paradigms are critical to the results comes from a study 
where the same group of ASD participants were tested in 
both recognition and discrimination tests [32]. The results 
showed the same pattern that we reported in the review as 
ASD participants exhibited deficits in face recognition tests 
but not in face discrimination tests. Therefore, it is likely 
that this controversy in the ASD literature is at least partly 
because of the type of face tests used. 
In summary, although ASD individuals demonstrate def-
icits in processing faces in everyday life, experimental 
studies show mixed results. We suggest that these contra- 
 
 
Figure 1  The percentage of studies that reported that ASD participants 
have deficits in face processing. For the studies using face recognition tests, 
eight out of nine studies (89%) described impaired face processing in ASD 
(i.e., abnormal, dark gray), whereas only five out of twelve studies using 
face discrimination tests (42%) found this deficit. 
dictory conclusions may have largely resulted from differ-
ences in the experimental paradigms used in these studies. 
Therefore, a more reliable and valid face test is needed to 
examine deficits in processing faces in ASD individuals. As 
would be expected, recognition tests are more reliable than 
the discrimination tests, as described above. However, fur-
ther quantification of this intuitively appealing conclusion is 
necessary for two reasons. First, there is no consensus that 
ASD individuals suffer deficits in face processing, and we 
therefore do not know whether the recognition or discrimi-
nation paradigms more accurately characterize the true na-
ture of ASD. In other words, an external criterion is needed. 
Therefore, a meta-analysis of results from a special subject 
population who are known to be selectively impaired in face 
processing (i.e., developmental prosopagnosia, DP) will 
provide a valuable external criterion. Second, even if the 
recognition tests generally perform better, we do not know 
which test is better in particular. Therefore, we need to ex-
amine the reliability, validity, and predictability of these 
tests quantitatively through a meta-analysis. In the next sec-
tion, we report the findings of our meta-analysis of DP 
studies, which we performed to provide an independent 
confirmation of the findings in this review and quantita-
tively evaluate the tests used for face studies.  
2  Quantification of face tests 
Prosopagnosia refers to a selective deficit in face processing. 
It was first reported in patients with brain lesion [42] pri-
marily in the occipitotemporal cortex [43,44]. Recently, 
prosopagnosia has also been found in subjects who do not 
have any known brain damage [45,46]. To contrast acquired 
prosopagnosia following brain lesions, it is called develop-
mental prosopagnosia (DP). This relatively isolated deficit 
provides a rare opportunity to investigate mechanisms un-
derlying face processing.  
Previous studies have shown that individuals with DP are 
specifically impaired in face processing. First, DP partici-
pants are significantly worse in face processing, but their 
ability to process non-face objects are largely intact, sug-
gesting that the deficit is face-specific [11,47,48 (but see 
[49]). Second, although DP individuals are unable to inte-
grate face features into a whole face (i.e., holistic face pro-
cessing) [50,51], they can process objects holistically, as 
they show normal sensitivities to global form and global 
motion [52], gestalt completion [53], and global-local inter-
ference [50] (but see [49]). In addition, they are unable to 
detect either spacing or partial changes in images of faces 
[50,52], but they can detect the same changes in images of 
houses [51]. Finally, although they are not able to recognize 
faces, they have no difficulties recognizing facial expres-
sions or age or gender of the person in the face image 
[5457], further suggesting that they are selectively im-
paired in extracting and representing facial identity infor-
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mation. In short, the impairments observed in DP individu-
als are relatively pure, and therefore their performance in 
face tests can be viewed as a gold standard means of evalu-
ating a variety of face tests.  
Importantly, DP individuals share many abnormal and 
unusual characteristics in face processing with ASD indi-
viduals. First, irregular scanning paths while viewing faces 
are observed in both DP [58,59] and ASD participants 
[14,15]. Individuals in both groups predominantly scan re-
gions containing non-face features, and fixate on external 
features (e.g., hair-style), whereas normal controls fixate on 
the center of facial features (e.g., eyes and mouth). Second, 
both groups process faces largely based on non-face infor-
mation. For example, an autistic child successfully matched 
two faces because they had the same type of hair [25]. Sim-
ilarly, DP participants often use non-face cues such as hair-
style, clothing, and accessories rather than facial infor-
mation to recognize people [60,61]. Third, both ASD 
[21,27,62] and DP participants [50,63,64] do not show the 
face inversion effect (FIE), which is a behavioral marker for 
face-specific processing [65,66], suggesting that both 
groups may process faces as separate parts rather than an 
integrated whole. Finally, DP individuals also suffer diffi-
culties in social communication, and they often show fear 
and avoidance of social situations and even experience 
traumatic social interaction difficulties [5]. Given the simi-
larities between DP and ASD individuals, it is likely that 
their deficits in face processing may be mediated by the 
same underlying mechanism. Therefore, a face test selected 
from DP studies may be also applicable to studying ASD 
individuals. 
To quantify face tests, we used four criteria. First, we 
examined the reliability/generality of the face tests, which 
was indexed as the consistency between the behavioral 
measurement of a face test and a DP individuals’ daily ex-
perience with faces. That is, if a subject had reported diffi-
culties in processing faces in daily life, the subject should 
have failed this test. Second, we examined the validi-
ty/selectivity of the face tests, which was indexed as the 
capacity of a test to differentiate deficits in face processing 
from other general deficits (e.g., object agnosia). Third, we 
examined the predictability of the face tests, which was in-
dexed as whether the results from a test predicted perfor-
mance in tests focusing on specific components of face 
processing. Finally, we examined the ease-of-use of the face 
tests, which was indexed as whether performance in a test 
was influenced by the participants’ prior knowledge, age, 
cultural background, education, and socio-economic status. 
3  Materials and methods 
3.1  Data for meta-analysis  
Research articles used for the meta-analysis were identified 
from PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and 
ISI web of knowledge (http://www.isiknowledge.com) with 
the keywords “developmental prosopagnosia,” “congenital 
prosopagnosia,” and “hereditary prosopagnosia,” published 
from 1990 to 2009. Studies that did not contain tests that 
measure the processing of facial identity1) or studies that 
tested brain-damaged participants were excluded.  
Three criteria were used to collect the data in these stud-
ies. First, Z values or data suitable for conversion to Z val-
ues were available. Studies that provide nominal classifica-
tion (e.g., normal or abnormal) of DP participants based on 
their behavioral performance were also included. Second, if 
a participant was tested more than once either within a study 
or in different studies, all results were included2). On the 
other hand, if one measure was repeatedly reported in dif-
ferent studies, it was only included once3). Third, results 
from face tests focusing on specific components of face 
processing (e.g., holistic processing) were not included in 
the meta-analysis. Instead, they were used to examine the 
predictability of the tests selected from the meta-analysis. 
Table 1 shows all 29 studies selected for the meta-analysis.  
Based on the implication from our review of the ASD 
studies, we also classified the face tests used in studies on 
DP either as a face recognition test or as a face discrimina-
tion test. The former includes the famous or familiar faces 
test (FFT), the old/new recognition test (OldNew), and the 
Cambridge face memory test (CFMT) [83]. In the FFT test, 
participants are instructed to recognize familiar or famous 
faces (e.g., movie stars) by providing their identity infor-
mation (e.g., names)4). In the OldNew test, there is a learn-
ing phase where participants are instructed to remember a 
set of novel faces; then, in a testing phase where the learned 
faces are mixed with another set of novel faces and the par-
ticipants are asked to judge which ones they have seen pre-
viously in the learning phase. The CFMT is a variant of the 
OldNew test, where participants are instructed to recognize  
                     
1) Several studies are excluded from the meta-analysis, such as those examining specific components of face processing (e.g., holistic processing [98]; 
visual mental imagery [97]), those focusing on processing social information (e.g., gaze perception [99]), and those investigating scan paths while viewing 
faces [58,59]. 
2) Studies that examined the ability of DP participants to recognize objects usually included more than one object category [11,48,56,77]. The perfor-
mance of DP participants on each of the object recognition tests was included in the meta-analysis. In other studies [47,52,69,74], DP participants were test-
ed more than once in the same test but with different procedures or face stimuli. The performance of DP participants in each test was also included.  
3) Some studies contain results that were reported in other studies. For example, one DP participant (HV) in [76], three DP participants (EB, KL, and ML) in 
[80], two DP participants (BC and NM) in [52], and five DP participants (F2, F3, M1, M2, and M3) in [47] have already been reported in [75], [51], [53,69], 
and [51,69], respectively. These results were included as one measurement in the meta-analysis.  
4) The results from the famous face test conducted in [54] are not included in the meta-analysis because the experimental procedure used is qualitatively 
different from the procedures used for the famous face test in the other studies, as the participants discriminated famous faces from novel faces without 
providing their identity information. 
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Table 1  The 29 studies on developmental prosopagnosia that were included in the meta-analysis. The data in the recognition tests, discrimination tests, and 
tests with overt cues columns are the passing rates in those tests in the format of xx/yy. That is, xx out of yy DP participants performed significantly worse in 
the test. For case studies, n (normal) and abn (abnormal) are used instead. Data within parentheses indicate that only nominal classifications were reported in 






 Recognition tests Discrimination tests  
Tests with  
overt cues 
 Meta-analysis
 Obj FFT CFMT OldNew Obj CFPT Fmatch  RMF BFRT  R V P 
Bentin et al. [67] C.S. self report  — abn — — — — —  (abn) (n)  √ — — 
de Gelder & Rouw [68] C.S. self report  — — — — — — (abn)  (abn) (abn)  √ — — 
Duchaine [53] C.S. self report  — abn — abn — — abn  (n) (n)  √ — — 
Nunn et al. [63] C.S. self report  n abn — abn — — —  (n) (n)  √ √ — 
Duchaine et al. [69] C.S. self report  — abn — 2/2 — — n  (abn) —  √ — — 
Duchaine et al. [11] C.S. self report  3/7 abn — abn — — —  — —  √ √ — 
Duchaine [70] C.S. self report  (1/7) abn abn (abn) — — abn  — —  √ — — 
Bentin et al. [71] C.S. self report  — abn abn — — — —  (abn) (abn)  √ — — 
Li & Song [64] C.S. self report  — — — — — — (abn)  — —  √ — — 
Steede et al. [72] C.S. self report  — abn abn — — — abn  (abn) —  √ — — 
Bate et al. [73] C.S. self report  — (abn) abn — — — —  (abn) (n)  √ — — 
Striemer et al. [48] C.S. self report  0/4 abn — abn — — —  — —  √ √ — 
Grueter et al. [54] 8 self report  — (7/7) — — — — —  3/8 —  √ — — 
Duchaine et al. [56] 10 self report  6/14 8/10 10/10 4/7 — 8/9 —  — —  √ √ CFPT
Minnebusch et al. [74] 4 self report  — 8/8 — 2/4 — — —  3/4 1/4  √ — — 
Righart & de Gelder [75] 4 self report  — — — — (0/4) — (1/4)  3/4 (4/4)  √ — — 
Van den Stock et al. [76] 3 self report  — — — — (0/2) — (1/2)  (2/2) (1/2)  √ — — 
Lee et al. [77] 3 self report  3/18 2/3 3/3 2/3 — 1/3 —  — —  √ √ — 
Bowles et al. [78] 7 self report  — 6/7 6/7 — — 1/7 —  — —  √ — CFPT
Duchaine & Nakayama 
[79] 11 testing  
— — — — — — —  — (4/11)  √ — — 
Harris et al. [80] 5 testing  — 2/2 — 2/2 — — —  — —  √ — — 
Duchaine & Nakayama 
[47] 7 testing  (16/38) (2/2)
— (3/4) — — —  — —  √ — — 
Behrmann et al. [49] 5 testing  — (9/10) — — — — —  — —  √ — — 
Yovel &Duchaine [51] 12 testing  — 12/12 12/12 12/12 — — —  — —  √ — SP(A)&
SP(J)
Le Grand et al. [52] 5 testing  — 10/11 — 3/3 — — —  — —  √ — SP(J)
Duchaine et al. [50] 14 testing  — 13/14 14/14 — — 8/14 —  — —  √ — CFPT&
SP(A)
Behrmann et al. [81] 6 testing  — (2/2) — — — — —  — —  √ — — 
Dobel et al. [55] 6 testing  — 6/6 — — 0/5 — 0/5  — 2/5  √ — — 
Humphreys et al. [57] 3 testing  — (2/3) — — — — (3/6)  — (1/3)  √ — — 
Bate et al. [82] 3 testing  — 3/3 3/3 — — 1/3 —  — —  √ — — 
Total measures   110 53 42 36 23  26 35  
 # of DP showing deficits   102 52 35 19 10  17 15  
a) C.S., Case study; self report/testing, DP participants were selected either by their self-reports or by behavioral tests; Obj, object tests; FFT, famous or 
familiar face test; CFMT, Cambridge face memory test; OldNew, old/new recognition test; CFPT, Cambridge face perception test; FMatch, face matching 
test; SP(A), spacing-part test with Alfred face set; SP(J), spacing-part test with Jane face set. R, reliability; V, validity; P, predictability. 
six learned faces at different levels of degradation and at 
different viewpoints. 
The face discrimination tests include the face matching 
test (Fmatch), where participants are required to match faci-
al identity based on stimulus properties, and the Cambridge 
face perception test (CFPT) [56], where participants sort a 
set of morphed faces based on similarity of face identity. 
Note that the CFPT, in our opinion, does not examine gen-
eral face processing ability, but rather a specific component 
of face processing (i.e., holistic processing). However, we 
included it here because the authors claim that this test can 
be served as a diagnostic test for face-specific deficits. In 
addition, although the Warrington recognition memory test 
for faces (RMF) and the Benton face recognition test 
(BFRT) belong to recognition tests and discrimination tests 
respectively, we classified them into a new group because 
both contain prominent non-face features that confound the 
processing of face identity based on face features. 
3.2  Statistic analysis  
Because DP was previously thought to be a very rare syn-
drome, the number of DP participants tested in many studies 
is quite small and some of these studies were case studies. 
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Therefore, we could not calculate the effect size in these 
studies. Accordingly, non-parametric tests were performed 
in the meta-analysis. It is important to note that these 
non-parametric tests are more conservative and less affected 
by the sample size and extreme values than parametric tests. 
Z values were normalized before the calculation of cor-
relations between the tests, because of differences in the 
normal controls and experimental paradigms across the 
studies. To do this, the original Z values were transformed 
to normalized Z values by setting the mean of the Z values 
to zero for each study. 
4  Results 
The studies and data used in the meta-analysis are shown in 
Table 1 and Figure 2. Table 1 shows an overview of all 29 
studies included in the meta-analysis, consisting of infor-
mation on the number of DP participants, screening meth-
ods, passing rates in the tests, and the type of meta-analysis 
in which they were included. DP participants’ Z values in 
each test are shown in Figure 2, with normal controls’ per-
formance as a baseline (i.e., zero). In the meta-analysis, we 
first examined the reliability of each test by comparing the 
performance of DP participants with their self-reports. Then, 
the validities of the tests that had high reliability were ex-
amined by contrasting the performance of DP participants in 
processing faces versus non-face objects. Finally, the tests 
with both high reliability and high validity were evaluated 
for how well they predicted the performance of DP partici-
pants in tests of specific components of face processing. 
4.1  Reliability/generality  
To investigate the reliability of each test, we measured the 
percentage of self-reported DP participants who also 
showed deficits in the test, where a deficit was defined as 
performance 1.65 standard deviations or more below the 
mean performance of normal controls (P<0.05, one-tail). 
The raw Z values for each test are shown in Figure 2, and 
the percentages of DP participants whose performance was 
below the normal range were averaged across studies using 
the same test. As shown in Figure 3A, DP participants per-
formed worse in face recognition tests such as the FFT, 
CFMT, and OldNew, but not in face discrimination tests 
such as the Fmatch and CFPT. 
This observation was further confirmed by a binomial 
test that examined whether the consistency between the DP 
participants’ self-reports and their behavioral performance 
in a test was significantly higher than chance (i.e., 50%). 
We found that classifications based on the FFT, CFMT and 
OldNew results were significantly above the chance level 
(all P<0.0001, two-tails), whereas classifications based on 
the CFPT or Fmatch were not (CFPT, P=0.87; Fmatch, 
P=0.68). Besides, both the RMF and BFRT, which are con-
taminated by the inclusion of prominent non-face features  
 
 
Figure 2  The performance of DP participants in a variety of face and object tests. Each point in a column represents one DP participant’s performance in 
one test in a study (diamonds, face test; triangles, object test). Zero on the y-axis indicates the mean performance of normal controls, and two dashed lines 
indicate 1.65 and 6 standard deviations (STDs) from the mean of the normal control subjects’ performance. Points above the bottom dashed line indicate  
that the DP participants represented by those points performed significantly worse than the control participants (P<0.05). The x-axis indicates the studies 
where the Z scores were derived from (in order by the type of tests and date of publication). Data from some case studies are not shown here because of the 
limited space. Note that the participants’ performance in the OldNew and FFT is more widely distributed than that in the CFMT. OldNew, the old/new 
recognition test; FFT, the familiar or famous face test; CFMT, the Cambridge face memory test; CFPT, the Cambridge face perception test; Fmatch, the face 
matching test.  
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Figure 3  The reliability and validity of the face-processing tests. A, Reliability. The y-axis indicates the percentage of self-reported DP participants whose 
performance was significantly worse than the control participants on the tests listed on the x-axis. The dashed line represents the chance level (50%) of the 
nominal classification (normal versus abnormal). The face recognition tests (dark gray) show higher reliability (FFT, 93%; CFMT, 98%; OldNew, 83%), 
whereas the classification accuracy based on performance in the face discrimination tests (light gray) is around the chance level (CFPT, 53%; Fmatch, 43%). 
B, Validity. The performance of DP participants averaged across the face recognition tests (dark gray) versus the object recognition tests (light gray). Zero 
on the y-axis indicates the mean performance of normal control participants, and the dashed line indicates 1.65 STDs from the mean of the control partici-
pants’ performance. The error bar indicates one STD of the distribution of the DP participants’ performance.  
[79,84], also failed to reach significance (RMF, P=0.17; 
BFRT, P=0.50) (not shown in the figure). This pattern sug-
gests that the face recognition tests (i.e., the FFT, CFMT, 
and OldNew) have higher reliability than the face discrimi-
nation tests (i.e., the CFPT and Fmatch) or the tests con-
taining non-face features (i.e., the RMF and BFRT). 
To directly compare the reliability between the face 
recognition and the face discrimination tests, a Chi-square 
test was conducted with the nominal variables of experi-
mental paradigm (recognition versus discrimination) and the 
performance of DP participants (normal versus abnormal). 
We found that the experimental paradigm was significantly 
related to the percentage of abnormal performance identi-
fied in the test (χ2(1)=58.99, P<0.001), and performance in 
the face recognition tests was more similar to the DP par-
ticipants’ self-reports than that in the face discrimination 
tests.  
However, one may argue that because the DP partici-
pants were first screened by a face recognition test in some 
studies (i.e., participants that did not show deficits in the 
test were not included in the study, e.g., [51,79,80]), the 
data for the meta-analysis of the reliability were not com-
pletely independent. To rule out this alternative, we only 
included studies where DP participants were selected based 
on their self-reports. Using this procedure, the recognition 
tests again showed significantly higher reliability than the 
discrimination tests (χ2(1)=15.26, P<0.001). 
4.2  Validity/selectivity  
The meta-analysis of the reliability of the face tests shows 
that DP participants are more likely to show deficits in face 
recognition tests. Here, we further examined whether their 
performance was comparable to normal subjects in recog-
nizing non-face objects with the same experimental para-
digm. That is, do the recognition tests differentiate deficits 
in face processing from deficits in object processing? Five 
studies using the OldNew test for both face and object 
recognition were included in the analysis (Table 1).  
We found that the DP participants’ recognition of faces 
was significantly worse than their recognition of objects 
(Mann-Whitney U test, Z=3.62, P<0.001), suggesting that 
the OldNew is capable of detecting face-specific deficits 
(Figure 3B). Similar analyses were unable to be conducted 
for the FFT and CFMT because they did not include 
non-face objects as the test stimuli. Nevertheless, the per-
formance of DP participants in recognizing faces in both the 
FFT and CFMT tasks were positively correlated with their 
performance in the OldNew task (FFT and OldNew: spear-
man’s rho=0.74, P<0.0001, n=19; CFMT and OldNew: 
rho=0.62, P<0.01, n=19), implying that they may have high 
validity as well.  
4.3  Predictability  
The face recognition tests we examined are designed to 
measure participants’ ability to process whole faces, but 
they are not designed to measure processing of specific face 
components. On the other hand, a large number of experi-
mental paradigms have been developed to investigate the 
specific components of face processing at different stages. 
Here, we examined whether the performance of DP partici-
pants in the face recognition tests can predict their perfor-
mance in experiments examining specific face components. 
Five studies that used the CFPT and/or the spacing-part test 
[85,86] to measure holistic face processing were included 
(Table 1). Because of the limited number of subjects, we 
used a composite score, called the general face perception 
ability (GFPA), to index the performance of DP participants 
in tests of the holistic face processing to increase the statis-
tical power of the analysis. The composite score was the 
average of the Z values from these component tests.  
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We found that the performance of DP participants in both 
the FFT (Figure 4A, left) and OldNew (Figure 4A, middle) 
tasks positively correlated with their performance in the 
tests focusing on holistic face processing (FFT and GFPA: 
rho=0.50, P<0.005, n=45; OldNew and GFPA: rho=0.73, 
P<0.005, n=14). This result implies that performance in 
both the FFT and OldNew tasks can predict performance at 
different stages of face processing. However, although the 
CFMT had both high reliability and validity, the correla-
tional analysis suggests that it did not have high predictabil-
ity (CFMT and GFPA: rho=0.11, P=0.52, n=37) (Figure 4A, 
right). This pattern is further confirmed by a more con-
servative ‘leave-one-out’ analysis, where correlation coeffi-
cients are calculated by leaving one study out for each repe-
tition of the analysis to avoid the undue influence of a single 
study. Using this approach, a similar pattern was found as 
the results from the FFT were positively correlated with 
GFPA at every repetition (all rhos>0.40, all P<0.05), 
whereas the correlation between CFMT and GFPA never 
reached significance (all rhos<0.30, all P>0.1).  
The lack of correlation between the CFMT and GFPA is 
not a result of insufficient statistical power, because the 
correlation coefficients between the FFT/OldNew and the 
GFPA were significantly higher than that between the 
CFMT and the GFPA (Mann-Whitney Test, FFT versus 
CFMT: Z=2.44, P<0.05; OldNew versus CFMT: Z=2.37, 
P<0.05). Besides, there was no significant difference be-
tween the OldNew and the FFT in their relationships to the 
GFPA (Z=1.24, P=0.22). Moreover, since the meta-analysis 
of the predictability of the tasks is based on correlational 
analyses, one may argue that some general processing (e.g., 
attention, memory), rather than the face-specific processing, 
underlies the correlation between the FFT/OldNew and the 
GFPA. Therefore, the lack of correlation between the 
CMFT and the GFPA may be because the CMFT does not 
include this general processing. Though intuitive, this alter-
native is unlikely. The FFT was positively correlated with 
the CFPT only when faces were upright (rho=0.44, P<0.05, 
n=23) (Figure 4B, left), but not when faces were inverted 
(rho=0.03, P=0.89, n=23) (Figure 4B, right). In addition, no 
correlation was found between the CFMT and the CFPT, 
regardless of whether faces were upright (rho=0.31, P=0.15, 
n=23) or inverted (rho=0.13, P=0.55, n=23).  
5  Discussion 
In this study, we examined a variety of face tests through a 
meta-analysis to select a reliable and valid standard test for 
efficiently examining deficits in face processing in ASD. By 
performing the meta-analysis on the results from studies on 
DP, we examined the reliability, validity, and predictability 
of each face test. We found that tests that heavily rely on 
face memory (i.e., face recognition paradigm) not only 
faithfully reflected DP individuals’ daily experience with 
faces, but also effectively determined whether their deficits 
are face-specific. In contrast, tests that mainly rely on the 
discrimination of difference among face images (i.e., face  
 
 
Figure 4  The predictability of the face-processing tests. A, Correlations between general face perception ability (GFPA) and performance in the FFT (left), 
OldNew (middle), and CFMT (right) tests. Each point represents one DP participant’s performance in these tests. B, Correlation between the FFT and CFPT 
when the faces were presented upright (left) or inverted (right). Note that the Z values were normalized for the correlational analyses. **, P<0.01; *, P<0.05. 
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discrimination paradigm) did not exhibit either reliability or 
validity in detecting face-specific deficits. Finally, of all the 
face recognition tests we examined, we found that the Old-
New test was both a reliable and valid measure of face pro-
cessing ability and is capable of predicting the results of 
tests of specific face components. Therefore, we propose 
that the OldNew test should be used as a standard diagnostic 
of deficits in face processing in individuals with ASD.  
Although our study is the first one that evaluates the pros 
and cons of a variety of face tests through a meta-analysis, 
researchers intuitively use face recognition tests more fre-
quently than face discrimination tests in their studies. For 
example, most published articles on DP have adopted face 
recognition tests to examine deficits, possibly because the 
use of face discrimination tests is more likely to provide 
negative findings. Besides its application in detecting 
face-specific deficits in ASD and DP, face recognition tests 
are also suitable for exploring individual differences in the 
normal population. For example, by using the OldNew test, 
a recent study has found that individual differences in face 
memory are correlated with the extent to which subjects 
process faces holistically [87]. Another study on individuals 
who self-reported that they could remember faces seen only 
once and many years ago (a.k.a. super face recognizers) 
found that they outperformed normal controls in a variety of 
face recognition tests, including the FFT and CFMT [88]. In 
addition, face recognition tests have been widely used in 
studies that investigate the neural networks involved in face 
processing [81,89], the development of face-selective corti-
cal regions [90], and genetic influences on face processing 
[9193]. Therefore, because of their high reliability and 
validity, face recognition tests have become a gold standard 
tool for measuring face processing.  
Several features in face recognition tests may account for 
their high reliability and validity. First, face recognition 
tests closely simulate our daily experiences with faces, so 
we are more likely to use the same strategy in carrying out 
face recognition tests. Therefore, a subject who has difficul-
ties recognizing faces in social situations will likely fail face 
recognition tests conducted in laboratory (i.e., reliability). 
Second, because the fidelity of images stored in memory 
decays rapidly over time (e.g., [94]), we sometimes mistake 
friends as strangers, and vice versa. Previous studies have 
shown that the configural information of faces (both 
first-order and second-order face configurations) greatly 
facilitates the recognition of face parts (e.g., eyes, nose, and 
mouth) [95,96], so a good mnemonic trace likely relies on 
the holistic representation of faces [87], which differentiates 
face processing from general object processing. Therefore, 
face recognition tests may bias participants to process faces 
in a holistic fashion, which is distinct from the parts-based 
analysis used in object recognition (i.e., validity).  
The principles that make face recognition tests a success 
are the same ones that make face discrimination tests a fail-
ure. In our daily lives, we seldom judge whether two faces 
are the same based on stimulus properties. Instead, the dis-
crimination of differences between images usually exists in 
situations where non-face objects are involved (e.g., “which 
one is authentic: NOKIA or NOKLA?”). Therefore, face 
discrimination tests may bias participants to process faces in 
a parts-based fashion, like non-face objects. Furthermore, 
DP and ASD individuals are known to be less impaired in 
parts-based analyses and relatively sensitive to non-face 
cues to compensate for their inability to process faces 
[25,60,61,97]. Thus, the simultaneous or sequential (with a 
short delay) presentation of face images in discrimination 
tests obviously provides rich information on low-level im-
age properties of non-face features. 
However, not all tests using a face recognition paradigm 
are suitable to serve as a standard test. Through the me-
ta-analysis, we found that the FFT, OldNew, and CFMT 
tests have both high reliability and high validity. However, 
results from the CFMT are less likely to predict perfor-
mance in experiments that measure specific components of 
face processing. That is, although the CFMT can detect 
face-specific deficits in DP, it may fail to quantify the mag-
nitudes of these deficits. One possibility is that the CFMT is 
too complicated to reflect our daily experience with faces. 
On the other hand, the FFT has high predictability, but has 
poor “ease-of-use.” The FFT relies on the recognition of 
famous or familiar faces, which makes it less applicable in 
practice. First, it is hard to control for individual differences 
in exposure to the famous or familiar faces, especially for 
subjects with ASD. Second, it is difficult to find famous 
people who are known to individuals in different places and 
who have different ages. Therefore, it is less feasible to 
compare results across different studies.  
The OldNew test, on the other hand, satisfies all four cri-
teria (reliability, validity, predictability, and ease-of-use). 
Therefore, we propose that the OldNew test should be used 
as a quick and efficient means of examining face-specific 
processing. Several issues must be taken into account when 
applying the OldNew test. First, general cognitive abilities 
(e.g., general intelligence, attention, working memory) also 
contribute to face processing [87,92]. Therefore, stimuli 
such as scenes or flowers should be included in the test as a 
baseline control. Second, explicit non-face cues such as 
clothes, hairlines, beards, and moles should be removed 
from the face stimuli to prevent participants from adopting 
strategies other than face processing. Third, although a pa-
per-and-pencil-based test is sufficient, the data may be more 
informative if both accuracy and response time are available. 
Fourth, the OldNew test is a fast and efficient measure of 
face processing. To comprehensively characterize the nature 
of deficits in face processing, a full battery of face tests, 
including face discrimination tests, for different aspects of 
face processing should be conducted. Finally, the OldNew 
test is not limited to studies of deficits in face processing. It 
can be also used in situations where the evaluation of facial 
recognition is needed, such as a job pre-requisite exam for 
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positions that require a strong ability to recognize faces (e.g., 
security surveillance). 
Our meta-analysis of these studies on DPs is consistent 
with the conclusions of our initial review of studies on face 
processing in ASD. Through a literature review, we found 
that most studies using face recognition tests have reported 
significant differences in face processing between ASD 
participants and matched controls. Moreover, these deficits 
were restricted to the processing of faces. In contrast, when 
face discrimination tests were used, the results were mixed. 
This similarity in both ASD and DP studies suggests that 
the test chosen based on our meta-analysis of DP studies is 
likely to be reliable and valid when it is applied to ASD 
studies. That is, the OldNew test is likely to serve as an ef-
fective diagnostic test for detecting face-specific deficits in 
ASD. Future studies are needed to examine the reliability 
and validity of the OldNew test by testing ASD individuals.  
Previous studies have shown that there is a close link 
between face processing and social communication. Thus, a 
reliable and valid face test of face processing may serve to 
identify causes that lead to deficits in social communication 
in ASD. In particular, it may help to resolve the current 
controversy regarding whether ASD individuals suffer defi-
cits in face-specific processing. Besides, the old/new recog-
nition test provides valuable information for diagnosing 
ASD, which can be used to supplement current diagnostic 
methods. Finally, the old/new face recognition test can be 
used to establish a normative distribution of face processing 
ability in ASD. Then, ASD individuals may be categorized 
into more homogeneous subgroups, which will allow for the 
tailoring of different treatments to the unique characteristics 
of each subgroup.  
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